Abstract. adipocytes account for more than 90% of human breast volume and secrete adipocytokines, which play a role in breast cancer development. among the adipocytokines is leptin, which is secreted mainly by adipocytes and plays a key role in breast cancer development. leptin expression is up-regulated in both obese and breast cancer patients, and promotes breast cancer cell growth. exposure to environmental estrogens has also been found to be directly related to the development of breast cancer. Zeranol (Z) is a non-steroidal anabolic growth promoter with estrogenic activity that is widely used in the uS beef industry due to its commercial benefits. Gossypol is a natural compound extracted from cottonseed that inhibits breast cancer growth, and is potentially a chemopreventive food component. This study focused on Z and bio-active Z-containing sera (ZS) collected from Z-implanted beef, and evaluated their adverse health risk to humans. We hypothesized that Z increases the risk of breast cancer in obese women. a cell proliferation assay, eliSa analysis, rT-Pcr and Western blotting were performed to investigate the interaction of leptin, Z and (-)-gossypol in primary cultured normal human breast preadipocytes. The results indicated that Z and ZS stimulated the growth of pre-adipocytes isolated from normal human breast tissues by up-regulating cyclin d1 expression, while (-)-gossypol reversed this effect.
Introduction
Breast cancer is the most frequently occurring cancer in women in the uS. according to clinical cancer statistics, it is estimated that 192,370 new cases arose and 40,170 individuals succumbed to breast cancer in 2009 (1) . epidemiological studies suggest that there are many risk factors associated with the occurrence of breast cancer, including dietary fat and environmental estrogenic endocrine disruptors. exposure to environmental estrogens has been found to be directly related to the increase in breast cancer incidence. estrogen has been regarded as a positive regulator of leptin (2) , which is mainly secreted by adipocytes and plays a key role in breast cancer development. Zeranol (Z) is a non-steroidal anabolic growth promoter with estrogenic activity, widely used in the uS beef industry for improving weight gain, feed efficiency and marbling. it has been reported that Z stimulates the proliferation of primary cultured normal human breast cells and McF-7 cells (3). We also found that 2.5% of Z-containing sera (ZS) harvested from 60-day post 72 mg Z pellets implanted beef cattle are capable of transforming the normal human breast epithelial cell line McF-10a to neoplastic breast cancer cells in a 21-day culture (unpublished data).
another known risk factor for breast cancer is obesity, which has become a major public health concern in the uS. The incidence of breast cancer is increased by 30-50% in obese cancer patients as compared to cancer patients with average weight. Morbidity is also increased in obese cancer patients as compared to cancer patients with average or low weight (4) . The molecular links between breast cancer and obesity have been studied for many years (5) . The condition of obesity is characterized by an increase in fat cell number, fat cell size, or a combination of the two (6) . it is assumed that a gradual accumulation of body fat after birth is mainly due to increasing fat cell size, not number. Total fat cell number also increases, but only in severe obesity (6) .
adipocytes are known to be extremely stable, with food restriction alone leading to a decrease in adipocyte size, but not number (7) . leptin, mainly secreted by adipocytes, is a product of the obese (ob) gene and plays a key role during Leptin and zeranol up-regulate cyclin D1 expression in primary cultured normal human breast pre-adipocytes pregnancy and fetal development (6) . one of the major functions of leptin is to regulate energy balance and appetite regulation (food intake) (6) . it targets the brain to increase loss of adipose tissue by increasing adipocyte apoptosis.
in human breast tissue, adipocytes account for approximately 90% of the bulk, while epithelial cells make up only 10% (4) . Fat tissue contains small and large adipocytes, as well as stromal and endothelial cells (6) . Various hormones, such as insulin and sex steroids, have been associated with dynamic changes in adipose tissue and are believed to contribute to the signals that cause adipocyte differentiation (6) . an increase in breast cancer risk is associated with higher body mass index levels, and is restricted to women with estrogen receptor (er)-positive tumors (8) . obesity is not associated with a leptin deficiency, but rather with resistance to leptin (9) . leptin was found to increase the estradiolinduced activation of erα, suggesting that leptin and estrogen may cooperate in the growth of estrogen-dependent breast cancer cells (9) . chen et al also found that leptin increases Zr-75-1 breast cell growth by up-regulating cyclin d1 and down-regulating P53 (10) . as leptin stimulates estrogen biosynthesis through the induction of aromatase activity and modulation of erα activity, it has been characterized as a growth factor for breast cancer (11, 12) . high levels of leptin in obese breast cancer patients may play a crucial role in breast cancer cell proliferation, invasion and metastasis (8) . leptin has a direct mitogenic effect on human breast cancer cells (13) ; therefore, the inhibition of leptin may contribute to the prevention and treatment of breast cancer (14) . in addition to its mitogenic effects, leptin promotes the proliferation of the T47-d cell line (15) , and may contribute to the development of a more aggressive malignant phenotype (16) . ici 182,780 is a pure estrogen antagonist approved for the treatment of breast cancer patients who fail to respond to tamoxifen therapy. leptin may be involved in the resistance of breast cancer cells to anti-estrogen therapies (17) .
in general, adipose tissue mass is determined by a balance of lipolysis, lipogenesis and adipocyte proliferation. adipogenesis is a complex process of pre-adipocyte differentiation, whose mechanism is still not fully understood. researchers have found that leptin does not act directly to induce adipocyte apoptosis, but rather acts centrally to initiate a signal to the adipose tissue, causing apoptosis (18) . leptin had no effects on the apoptosis of either pre-adipocytes or mature adipocytes within a 24-or 48-h incubation in 3T3-l1 adipocytes, but acted directly to inhibit the maturation of preadipocytes and suppressed lipid accumulation during 3T3-l1 differentiation (18) .
Gossypol is a natural polyphenolic compound extracted from cottonseed that is used as an anticancer chemopreventive agent due to its inhibition of the growth of various types of cancer, including colon (19) , prostate (20) and breast cancer (21, 22) . it has been suggested that gossypol is a potential chemopreventive food component. our laboratory also demonstrated that gossypol exhibits anticancer activity against multidrug-resistant human breast cancer cells (22) , with (-)-gossypol having the strongest effect among the three isoforms (data not shown). We also found that (-)-gossypol counteracts leptin-and Z-induced human breast cancer epithelial cells by down-regulating cyclin d1 expression (3).
This study focused on Z and bio-active ZS collected from Z-implanted beef and, evaluated their adverse health risk to human beings. The intervention of leptin, Z, ZS and (-)-gossypol in the growth of primary cultured normal human breast pre-adipocytes (hnbPaDs) was also investigated. We hypothesized that Z increases the growth of hnbPaDs and has adverse health effects, particularly in obese women.
Materials and methods
Animals and blood sampling. ralgro Magnum ® (rM; commercial Z pallet) was purchased from Schering-Plough corp. (Kenilworth, nJ, uSa) in the form of cartridges, each containing 72 mg of Z. Twenty cross-bred angus beef heifers (~1 year old) purchased from the department of animal Science were randomly divided into two groups according to their initial body weight. animals were treated according to our previously described protocol (23) . Sera dropped from the Z-implanted beef at day 0 (ZS-d0, before Z implantation) and 30 days post Z implantation (ZS-d30) were sterilized using a 50 ml conical filter tube and stored at -20˚c.
Reagents. recombinant human leptin was ordered from r&d Systems (Minneapolis, Mn, uSa) and was prepared as a 1 mg/ ml stock solution in 20 mm sterile Tris/hcl, ph 8.0, at -20˚c. (-)-gossypol was provided by the uSda Southern regional research center (new orleans, la, uSa) and was prepared as a 50% stock solution in dimethyl sulfoxide (dMSo). Z was purchased from Sigma chemical co. (St. louis, Mo, uSa).
Normal human breast tissues. normal human breast tissues were obtained through the Tissue Procurement Program of the ohio State university comprehensive cancer center hospital (columbus, oh, uSa). at the time of procurement, the tissue samples were placed in Dulbecco's modified eagle's medium and ham's F12 medium (1:1) (Dmem/F12) without phenol red (Sigma chemical co.) and stored at 4˚c before being transferred to the laboratory.
Tissue culture and primary cultured normal human breast pre-adipocyte isolation. normal human breast tissues were sterilized in 70% ethanol for 30 sec and then washed three times with fresh dMeM/F12. Subsequently, the normal human breast tissues were treated with leptin at 0, 1.5, 3.0 and 6.0 nM in dMeM/F12 medium supplemented with 10% dextran-coated charcoal (dcc) stripped fetal bovine serum (FBS) and cultured in a 10-cm 2 cell culture plate in a humidified incubator (5% co 2 , 95% air, 37˚c) for 96 h. The medium was changed every 48 h. Following a 96-h culture, the normal human breast tissues were minced, then the primary cultured normal human breast epithelial cells (hbnecs) and hnbPaDs were isolated using a previously described method (23) .
Cell culture. The isolated primary cultured hnbPaDs were allowed to attach and were then cultured in a 75-cm 2 culture flask in a humidified incubator (5% co 2 , 95% air, 37˚c) with 10 ml of the dMeM/F12 mixture (atlanta Biologicals, norcross, Ga, uSa) supplemented with 10% FbS (invitrogen, carlsbad, ca uSa). The dMeM/F12 medium was changed every 2 days. When the cells achieved 85-90% confluence, they were washed with 10 ml of calcium-and magnesium-free phosphate buffered saline (PbS; ph 7.3) and then trypsinized with 3 ml of 0.25% trypsin and 5.3 mM edTa (invitrogen) for 10 min at 37˚c. The trypsinization was stopped by the addition of 10 ml of dMeM/F12 medium with 10% FBS. Following centrifugation, the dissociated cells were re-suspended in high-calcium dMeM/F12 medium with 10% FBS and sub-cultured into 75-cm 2 culture flasks at a ratio of 1:5. The experiments were conducted on primary cultured hnbPaDs not generated beyond the fourth passage.
Cell proliferation (MTT) assay. Four thousand hnbPaDs isolated from non-leptin, 1.5-and 6-nM leptin cultured tissues were seeded in each well of a 96-well plate in dMeM/F12 medium at a total volume of 100 µl and incubated at 37˚c for 24 h. The following day, the medium was replaced with 100 µl dMeM/F12 supplemented with 0.2% BSa followed by incubation at 37˚c for another 24 h. hnbPaDs were treated with 0.4, 0.8 and 1.6 nM leptin and 0, 2.5, 5, 10 and 20 nM Z, ZS-d0 or ZS-d30 at 0.2, 1 and 5% in culture medium for 24 h. control cells were cultured in 0.1% dMSo. The proliferation of hnbPaDs was measured by adding 20 µl of a fresh mixture of 3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxy-phenyl)-2-(4-sulfophenyl)-2h-tetrazolium (MTS) and phenazine methosulfate solution (20:1) (Promega, Madison, Wi, uSa) to each well. Following incubation at 37˚c for 1-3 h, the oD values were measured using a kinetic microplate reader (Molecular devices cooperation, Menio Park, ca, uSa) at a wavelength of 490 nm, and cell growth was compared. The sensitivity dose of hnbPaDs to leptin for each patient was calculated, then the average sensitivity dose for the patients was determined.
Primary cultured hbnecs were also tested using the method described above, but with a low-calcium (0.04 mM cacl 2 ) dMeM/F12 mixture (atlanta Biologicals) supplemented with 10% chelex-100 (Bio-rad laboratories, richmond, ca, uSa) treated FBS (invitrogen) instead of the Dmem/F12 mixture supplemented with 10% FbS. hbnecs was treated with 0.75, 1.5, 3 and 6 nM leptin for 24 h. control cells were instead cultured in 0.1% dMSo. after 24 h, the cell proliferation assay was performed as described above. hnbPaDs isolated from two patients and hbnecs from seven patients were tested, and the average sensitivity dose of the hnbPaDs and hbnecs to leptin was calculated and compared.
Cell treatment. Viable hnbPaDs (1x10 5 /well) isolated from non-leptin cultured tissues were seeded in 6-well plates in 5 ml dMeM/F12 supplemented with 10% FBS medium. after 24 h, the medium was replaced with dMeM/F12 supplemented with 10% dcc stripped FBS. The cells were cultured for a further 24 h, then treated with serum harvested from heifers. The control serum was harvested from heifers with ZS-d0, and the experimental serum was harvested from the same heifers with ZS-d30 at day 30. The concentrations of ZS-d0 and ZS-d30 was 0.2, 1.0 and 5.0% in the culture medium. The 24-h treatment was 0.5, 1 and 2 nM leptin alone, and 2.5, 5 and 10 nm Z alone for hnbPaDs isolated from non-leptin cultured tissue. The cells were also treated with 1.5 nM leptin, 3 nM Z and 3 µM (-)-gossypol, alone or combination for 24 h, and cyclin d1 expression was measured. control cells were cultured in 0.1 % dMSo.
Pre-adipocyte mRNA isolation and cDNA synthesis. after hnbPaDs had been treated for 24 h, the total rna was isolated in 1 ml Trizol reagent (invitrogen) according to the manufacturer's instructions. rna concentration was measured using a du-70 spectrophotometer (Beckman instruments inc., Fullerton, ca, uSa). rna (1 µg) from cultured cells was reverse transcribed with 200 units of M-MlV reverse Transcriptase (invitrogen) at 37˚c for 50 min, then at 70˚c for 15 min in the presence of 1 µl 10 mM dnTP (10 mM each daTP, dGTP, dcTP and dTTP at a neutral ph) (invitrogen), 1 µl 50 µM random hexamer (amersham Pharmacia Biotech, Piscataway, nJ, uSa), rnase inhibitor (invitrogen), 10 µl 5X First Strand buffer, 5 µl 0.1 M dTT and 1 µl rnase inhibitor (invitrogen) in a total volume of 50 µl in a gradient mastercycler (eppendorf ® , Westbury, nY, uSa).
Reverse transcription-polymerase chain reaction. rT-Pcr conditions were optimized for every primer pair and performed with a thermocycler Gene amp Pcr (eppendorf ® ). The newlysynthesized cdna (2 µl) was used as a template for rT-Pcr with the addition of 1 unit platinum Taq dna polymerase (invitrogen) for a total volume of 25 µl. Mgcl 2 concentration, annealing temperature and cycle number for the amplification of the Pcr product, cyclin d1 and 36 B4, were optimized. The primer sequences for cyclin D1 were 5'-GcT ccT GTG cTG cGa aGT GG-3' (sense) and 5'-TGG aGG cGT cGG TGT aGa TG-3' (antisense) (product size 372 bp). Pcr conditions were denaturing at 95˚c for 5 min, 27 cycles of 94˚c for 45 sec, 54˚c for 45 sec, 72˚c for 60 sec, then extension at 72˚c for 10 min. The primer sequences for 36 B4 were 5'-aaa cTG cTG ccT caT aTc cG-3' (sense) and 5'-TTT caG caa GTG GGa aGG TG-3' (antisense) (product size 563 bp). Pcr conditions were denaturing at 95˚c for 5 min, 24 cycles of 95˚c for 60 sec, 63˚c for 60 sec, 72˚c for 60 sec, then extension at 72˚c for 10 min. 36 b4 was used as an internal control whose rna was unmodified by the treatment.
The final rT-Pcr products (10 µl) mixed with 1 µl 10X loading buffer were separated on 1.5% agarose gel and visualized by staining with ethidium bromide. electronic images were captured using a FuJiFilM laS-3000 image system (Fujifilm medical Systems uSa, inc., Stanford, cT, uSa). The densities of specific bands were quantified using imageQuant software (Molecular dynamics, Sunnyvale, ca, uSa). The results were presented as the ratio of cyclin d1 to 36 B4.
Western blotting. Primary cultured hnbPaDs were separately seeded in a 100-mm dish (1x10 6 cells/dish) in dMeM/F12 medium supplemented with 10% FBS and cultured overnight. The medium was then replaced with dMeM/F12 supplemented with dcc-stripped 10% FBS. after being cultured for 24 h, the cells were treated with 0.1% dMSo as a vehicle control, 0.5 and 1 nM leptin and 2.5, 5 and 10 nM Z in dMeM/ F12 supplemented with 10% FBS medium for 24 h. cells in each dish were lysed by the addition of 0.5 ml of M-PerTM Mammalian Protein extraction reagent (Thermo Fisher Scientific inc., rockford, iL, uSa) and 5 µl 100X protease inhibitor (Thermo Fisher Scientific inc.). The dishes were gently agitated on an orbital shaker at 4˚c for 15 min. Then, the cell lysate was collected into a microcentrifuge tube and the samples were centrifuged at 27,000 x g (4˚c for 10 min) to pellet the cell debris. Finally, the supernatant layer containing the proteins was transferred to a clean tube for analysis. The concentration of total protein was determined using the Micro BcaTM Protein assay (Pierce, rockford, il, uSa) according to the manufacturer's instructions. Protein (50 µg) from each sample was mixed with an appropriate volume of 3X Laemmli sample buffer (62.5 mm Tris-hcl, ph 6.8, 2% SDS, 25% glycerol, 0.01% Bromophenol blue) (Bio-rad laboratories) and was then denatured at 100˚c for 5 min. The mixtures were loaded onto ready gel 10% Tris-hcl Gel for SDS-PaGe (Bio-rad laboratories) and electrophorsed at 100 volts for ~1 h in 1X Tris/Glycine/SDS buffer (25 mm Tris-hcl, 250 mm glycine, 0.1% SDS, ph 8.3). The separated proteins were than transferred to a piece of polyvinylidene fluoride (PVDF) membrane in a Semi-dry Blotting unit (Bio-rad laboratories) under a current density of 0.8 ma/cm 2 for an approximate time according to the manufacturer's instructions. after the protein was transferred, the membrane was immediately soaked in 100% methanol for 10 sec and then placed on a piece of filter paper until dry. Subsequently, the membrane was blocked in PBST (PBS + 0.1% Tween-20) solution containing 10% non-fat milk and incubated at 4˚c overnight, then rinsed with PBST and blotted with primary antibody as follows: cyclin d1 antibody (1:500 dilution, sc-246, mouse monoclonal antibody) or β-actin antibody (1:1,000 dilution, sc-1615, affinity-purified goat polyclonal antibody; Santa cruz Biotechnology, inc.), followed by incubation at room temperature for 1 h. The membrane was then rinsed with PBST and incubated with secondary antibody as follows: ecL anti-mouse igG linked to horseradish peroxidase (hrP) (1:1,000 dilution, sc2020; Santa cruz biotechnology, inc.) or a donkey anti-goat igG hrP (1:1,000 dilution, na931V; amersham Biosciences) for 1 h. The membrane was rinsed again with PBST and incubated for 5 min with 1 ml ecl-Plus Western blotting detection reagents (amersham Pharmacia Biotech). images were captured using the FuJiFiLm LaS-3000 image system (Fujifilm medical Systems uSa, inc.). The densities of specific bands were quantified using imageQuant software (molecular Dynamics).
Leptin measurement. Viable hnbPaDs (3x10
5 /well) isolated from non-leptin cultured tissues were seeded in 100-mm plates in 10 ml dMeM/F12 supplemented with 10% FBS medium. after 24 h, the medium was replaced with dMeM/F12 supplemented with 10% dcc stripped FBS, and cells were cultured for a further 24 h. Subsequently, the primary culture hnbPaDs were treated with 2.5 nm Z for 24 h, culture media were collected and leptin measurement was conducted using human leptin immunoassay kits (r&d Systems). The particulates in the cell culture supernates were removed by centrifugation at 1,200 rpm for 5 min followed immediately by assay according to the manufacturer's instructions. The assay was stopped by the addition of 50 µl stop solution to each well, od values were measured within 30 min using a kinetic microplate reader (Molecular devices cooperation) at a wavelength of 450 nm, and the leptin concentration in the culture medium was calculated.
Statistical analysis.
The results of the cell proliferation assay are presented as the relative cell growth compared to the control group ± standard deviation (Sd) for four replicate culture wells. The results of mrna expression are presented as the ratio of cyclin d1 to 36 B4 compared to the control group ± Sd for three replicate culture wells. analysis was performed using Minitab 15 software (Minitab inc., Pa, uSa). Statistical differences were determined using two sample t-test analyses for cell proliferation and a one-way anoVa analysis for mrna expression. a p-value of <0.05 was considered statistically significant. Fig. 1a , primary cultured hnbPaDs are sensitive to 0.4 nm of leptin in a dose-dependent manner. compared to hbnecs, the average effective dose of leptin in was significantly lower hnbPaDs than in hbnecs (Fig. 1b) .
Results

Leptin stimulates primary cultured HNBPAD growth in a dose-dependent manner. as shown in
Z stimulates primary cultured HNBPAD growth. as shown in Fig. 2a , Z stimulated the proliferation of primary cultured A B Figure 1 . (a) effect of leptin on pre-adipocyte growth. Primary cultured normal human breast pre-adipocytes were isolated from non-leptin cultured tissues and treated with 0.4, 0.8 and 1.6 nM leptin for 24 h, then cell growth was measured. * Significant differences in hnbPaDs growth compared to the control group (p<0.05). (B) comparison of the average effective dose of leptin in the hnbPaDs and hbnecs. Primary cultured hnbPaDs isolated from two patients and hbnecs from seven patients were tested for their minimum sensitive dose to leptin, then the average sensitive dose to leptin was calculated and compared. The hnbPaDs were more sensitive to leptin than the hbnecs at the level of p<0.05 (p=0.019).
hnbPaDs isolated from both non-leptin and 6-nm leptin cultured tissues as compared to their respective control groups. compared to the control group, Z at ≥2.5 nm significantly increased the proliferation of hnbPaDs isolated from non-leptin cultured tissue, and hnbPaDs isolated from 6-nm leptin cultured tissue were responsive to a ≥1.25 nm concentration of Z.
ZS stimulates primary cultured HNBPAD growth. compared to the control group, all treatments increased hnbPaD growth, but there was no significant difference between groups treated with ZS-d0 and ZS-d30 at all doses in the proliferation of hnbPaDs isolated from non-leptin cultured tissue (Fig. 2B) . compared to the control group, treatment with all doses of ZS-D0 and ZS-D30 significantly increased the proliferation of pre-adipocytes isolated from 6-nM leptin cultured tissue (Fig. 2c) . There was a significant difference in cell growth between groups treated with ZS-d0 and ZS-d30 at a concentration of 1 and 5% in cultured medium in the preadipocytes isolated from the 6-nM leptin cultured tissue.
Z and leptin increase cyclin D1 expression. as shown in Fig. 3a , cyclin d1 expression was up-regulated by leptin treatment in hnbPaDs. Leptin at 1 and 2 nm significantly increased cyclin D1 mrna expression in the hnbPaDs. Moreover, 3 nM Z and the combination of 3 nM Z with 1.5 nM leptin up-regulated cyclin D1 expression in the hnbPaDs, but (-)-gossypol counteracted this effect. a significant difference was found between the combination groups treated with and without 3 µM (-)-gossypol (Fig. 3B ). Z at 2.5, 5 and 10 nM and leptin at 0.5 and 1 nM up-regulated cyclin d1 protein expression ( Fig. 3c and d) .
Z increased leptin secretion of HBNECs. as shown in Fig. 4 , 2.5 nm Z significantly increased the leptin secretion of hnbecs as compared to the control group (p<0.05).
Discussion
cyclin d1 is a cell cycle regulator that plays a key role in cell growth. The cyclin-dependent kinases (cDKs) cannot regulate cell growth without the cyclin subunit. By binding to cyclin d, cyclin D-cDK 4/6 constitutes the engine of the cell cycle machinery and affects the G1 phase of cell growth. among several cyclins, cyclin d1 protein plays a key role in regulating the progress of the cell during the G1 phase of the cell cycle (24) . cyclin D1-cDK4 complexes are known to phosphorylate rb and rb-like proteins, which release a transcription factor (e2F) that has resultant effects on gene transcription. researchers have found that cyclin d1 expression is strongly associated with er positivity. cyclin d1 was found to be overexpressed in up to 50% of human breast cancer cases (24) . The overexpression of cyclin d1 was found to be statistically correlated with er positivity and well-differentiated tumors, and was observed in 79% of er-positive tumors and 45% of er-negative tumors (24) . in the earliest proliferative epithelial lesions of the breast, cyclin d1 expression was detected at levels significantly higher than those in normal breast epithelium, with a further significant increase accompanying the progression to any form of cancer (25, 26) . cyclin d1 protein Primary cultured normal human breast pre-adipocytes were isolated from non-leptin and 6-nM leptin cultured tissues and treated with 1.25, 2.5, 5 and 10 nm Z for 24 h, then cell growth was measured. Z (1.25 nm) significantly increased the proliferation of hnbPaDs exposed to 6 nm leptin, and 2.5 nm Z began to significantly increase the proliferation of hnbPaD isolated from non-leptin cultured tissues. (B) The effect of ZS-d0 and ZS-d30 on the proliferation of pre-adipocytes isolated from non-leptin cultured tissues. Primary cultured hnbPaDs isolated from non-leptin cultured tissues were treated with ZS-d0 and ZS-d30 at 0.2, 1 and 5% in culture medium for 24 h, and cell growth was measured. all treatments significantly increased cell growth. however, there was no significant difference between groups treated with ZS-d0 and ZS-d30 at all doses. (c) comparison of the effect of ZS-d0 and ZS-d30 on the proliferation of pre-adipocytes isolated from 6-nM leptin cultured tissues. Primary cultured hnbPaDs isolated from 6-nm leptin cultured tissues were treated with ZS-d0 and ZS-d30 at 0.2, 1 and 5% in culture medium for 24 h, and cell growth was measured. * Significant differences in hnbPaD growth compared to the control group (p<0.05). ** Significant difference between cells treated with ZS-D0 and ZS-D30 in the 1 and 5% groups (p<0.05).
is overexpressed in hyperplasia and intraductal carcinoma of the breast (25) . due to its established role as a major human oncogene, the therapeutic use of cyclin d1 warrants further investigation. cyclin d1 levels are modulated by changing growth factors in culture medium. leptin stimulates breast cancer cell growth by up-regulating cyclin d1 expression (10) . Moreover, Garofalo et al found that leptin modulates both estrogen synthesis and erα activity (11, 12) . Besides controlling the cell cycle, cyclin d1 was found to be associated with er (24) . cyclin d1 binds to the er and stimulates its transcriptional activities. The cyclin d1 and er complex may play a role in stimulating tumor cell proliferation. Since leptin stimulates estrogen biosynthesis through the induction of aromatase activity and the modulation of erα activity, it has been characterized as a growth factor for breast cancer (11) . high levels of leptin in obese breast cancer patients may play a crucial role in breast cancer cell proliferation, invasion and metastasis (11, 27) . leptin stimulates breast cancer cell growth by up- regulating cyclin d1 expression. it was also reported that leptin directly inhibits the maturation of 3T3-l1 pre-adipocytes, but cannot directly induce adipocyte apoptosis (18) . in our cell proliferation assay, leptin increased hnbPaD growth in a dose-dependent manner (Fig. 1a) , and hnbPaDs were more sensitive to leptin than hnbecs (Fig. 1b) . This is to be expected, as leptin is mainly secreted by adipocytes, which are differentiated from pre-adipocytes. according to Fig. 2a , pre-exposure to 6 nm of leptin resulted in a hnbPaD reaction to a lower dose of Z, while 1.25 nm Z significantly increased the proliferation of hnbPaD exposed to 6 nm leptin, and 2.5 nm Z began to significantly increase the proliferation of hnbPaDs isolated from non-leptin cultured tissues. as shown in Fig. 2B and c, ZS also increased the proliferation of hnbPaDs isolated from non-leptin and 6-nm leptin cultured tissue. comparing Fig. 2B and c, it is clear that the preadipocytes isolated from 6-nM leptin cultured tissue were more sensitive to ZS-D30 than to ZS-D0. a significant difference between ZS-d0 and ZS-d30 was found in the proliferation of hnbPaDs isolated from 6-nm leptin cultured tissue. This result implies that leptin increased hnbPaD sensitivity to ZS-D30, since hnbPaDs isolated from leptin cultured tissue grew faster than those isolated from non-leptin cultured tissue. it is suggested that leptin stimulates primary cultured hnPaD growth, while Z and ZS improve leptin-induced growth.
Based on the results shown in Fig. 2a , we hypothesized that cells isolated from 6-nM leptin cultured tissue had increased sensitivity to Z compared to those isolated from non-leptin cultured tissue. This can be partly explained by the fact that leptin up-regulated cyclin d1 expression (Fig. 3a) . it is possible that obese women may be more sensitive to Z and ZS than average-weight women, due to the increased leptin level in obese women. Moreover, we also found that primary cultured normal human breast epithelial cells and McF-7adr cells increased cell sensitivity to Z (3); thus, the adverse effect of Z to human health would probably be strengthened. however, our data revealed that (-)-gossypol counteracted this effect by down-regulating cyclin d1 expression (Fig. 3B) .
on the other hand, Z not only up-regulated cyclin d1 expression, but also stimulated hnbPaDs to secrete leptin and strengthened the action of leptin. This result indicates that Z may be more harmful to obese individuals than to individuals of average weight as it increases the risk of breast cancer (28) . however, since (-)-gossypol reverses the effect of the combination of leptin with Z in hnbPaDs, it may aid in the treatment of breast cancer, particularly in obese patients. in summary, both leptin and Z appeared to increase hnbPaD growth by increasing cyclin D1 expression. Leptin improved hnbPaD sensitivity to Z, and Z strengthened the effect of leptin by inducing hnbPaDs to secrete leptin. (-)-gossypol counteracted the growth of primary cultured hnbPaDs by down-regulating cyclin D1 mrna expression. The mechanisms of this process will be further studied in future. our report is the first to reveal that (-)-gossypol, a food component derived from cottonseed products, may serve as a potential chemopreventive agent to suppress the stimulatory effect of Z and leptin on normal human breast pre-adipocytes. Further investigation of the interactions between leptin and Z in normal human breast pre-adipocytes is currently in progress.
